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DESCRIPTION

The development of advanced drug delivery systems is a pivotal
area of research in the pharmaceutical and biomedical fields.
Traditional drug delivery methods often face limitations such as
poor solubility, stability issues, and inefficient targeting of drugs
to specific tissues or cells. To overcome these challenges,
innovative materials and methods are being explored. Among
these, Ionic Liquids (ILs) and Ionogels (IGs) have emerged as
potential candidates due to their unique physicochemical
properties and versatility. This article reviews the recent
advancements in the use of ionic liquid and ionogel-based
biomaterials for advanced drug delivery applications.

Ionic liquids: Properties and advantages

Ionic liquids are salts in the liquid state, typically composed of
organic cations and inorganic or organic anions. They exhibit
several distinctive properties that make them attractive for drug
delivery systems:

Tunability: The chemical structure of ILs can be easily modified,
allowing for the customization of their properties to suit specific
applications.

Solubility: ILs can dissolve a wide range of substances, including
drugs with poor water solubility.

Stability: ILs are thermally stable and exhibit low volatility,
reducing the risk of degradation and evaporation.

Biocompeatibility: Certain ILs are biocompatible, making them
suitable for biomedical applications.

Ionogels: Hybrid materials

Ionogels are hybrid materials that combine the properties of
ionic liquids with those of a solid matrix. They are typically
formed by incorporating ILs into polymer networks or inorganic
matrices, resulting in a semi-solid material that retains the
advantageous properties of ILs while providing additional
mechanical strength and stability.

Applications in drug delivery

Controlled release: Ionogels can be designed to release drugs in a
controlled manner, ensuring a sustained therapeutic effect and
reducing the frequency of administration. The encapsulation of
drugs within the ionogel matrix protects them from degradation
and allows for precise control over the release kinetics.

Targeted delivery: By modifying the chemical structure of ILs, it
is possible to target specific tissues or cells. Functional groups
can be introduced to the IL structure to enhance interactions
with specific biological targets, improving the efficacy of the drug
delivery system.

Enhanced solubility and bioavailabilitys Many drugs suffer from
poor water solubility, limiting their bioavailability. ILs can
enhance the solubility of hydrophobic drugs, improving their
absorption and therapeutic effectiveness. Additionally, the use of
ILs can facilitate the delivery of drugs through various biological
barriers, such as the skin or gastrointestinal tract.

Thermosensitive systems: Ilonogels can be engineered to
respond to temperature changes, making them ideal for
thermosensitive drug delivery systems. These systems can release
drugs in response to temperature variations, providing a

controlled and localized delivery of therapeutics.

Recent advances and case studies

Anticancer drug delivery: Recent studies have explored the use
of IL-based ionogels for the delivery of anticancer drugs. For
example, ionogels incorporating ILs with specific functional
groups have been developed to target cancer cells selectively,
minimizing damage to healthy tissues. The controlled release
properties of ionogels ensure a sustained release of anticancer
agents, improving therapeutic outcomes.

Antimicrobial applications: lonogels have also been investigated
for antimicrobial drug delivery. By incorporating antimicrobial
agents into the ionogel matrix, researchers have created materials
capable of providing localized and sustained antimicrobial
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activity. This approach is particularly beneficial for treating
infections in wounds or implants.

Gene delivery: The delivery of genetic material, such as DNA or
RNA, poses significant challenges due to the fragile nature of
IL-based

environment for genetic material, enhancing its stability and

these molecules. ionogels offer a protective
facilitating efficient delivery into target cells. This has potential

applications in gene therapy and vaccine delivery.

Challenges and future directions

While ILs and ionogels hold the potential for advanced drug
delivery, several challenges remain. The biocompatibility and
toxicity of ILs need to be thoroughly evaluated, as some ILs may
exhibit cytotoxic effects. Additionally, the long-term stability and
degradation of ionogels in biological environments require
further investigation.
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Future research should focus on the development of ILs and
ionogels with enhanced biocompatibility and customized
properties for specific drug delivery applications. The
integration of smart functionalities, such as responsiveness to
environmental stimuli (pH, temperature, etc.), can further
enhance the versatility and effectiveness of these materials.

Ionic liquids and ionogel-based biomaterials represent a
potential frontier in the field of advanced drug delivery. Their
unique properties, such as tunability, solubility enhancement,
and controlled release capabilities, make them ideal candidates
for a wide range of biomedical applications. Continued research
and development in this area are expected to lead to innovative
solutions for overcoming the limitations of traditional drug
delivery methods, ultimately improving patient outcomes and
advancing the field of medicine.
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